The Chironomidae family is the most abundant and diverse member of the benthic community in streams, yet their identification is still neglected in many papers. It is considered a family tolerant to environmental impacts and with homogeneous feeding habit. Aim: To compare the richness, abundance and taxonomic composition of Chironomidae in Cerrado streams under different land uses as well as the feeding habit differences between genera of reference areas, sugar cane culture and pasture. Methods: We selected seven streams in each land use and sampled six units using Surber sampler. The material was transported live for laboratory processing. Results: Our results showed no significant differences in abundance and richness of Chironomidae among different land use, but we observed greater average values of abundance and richness in streams impacted by pasture. We found a distinct taxonomic composition between reference streams and impacted streams, both sugar cane and pasture. Stenochironomus was the most representative genus in reference areas, while Parametriocnemus was in sugar cane culture and Tanytarsus in pastures. The only statistically different feeding pattern found were between Cerrado streams and sugar cane for plant tissues, reflecting the greater abundance of Stenochironomus in Cerrado and among Cerrado streams and pasture for microalgae. Conclusions: We conclude that the conversion of natural areas in monocultures and pastures directly impact streams by modifying the taxonomic structure of Chironomidae. In contrast we did not observe a clear change in feeding patterns, because in all streams the diet pattern was mostly detritivorous.
the Chironomidae fauna will have a diet based on detritus, reflecting the abundance of this resource.
Understanding the effects of land use changes on ecosystems of tropical streams is of fundamental importance for conservation and management in tropical regions (Boyero et al., 2009) . The loss of aquatic biodiversity due to changes in land use is well-known, but studies on the effects on some taxonomic group and ecoregions are still scarce and, as in many other countries, the most attention was given to ecoregions of evergreen formations such as the Atlantic Forest and Amazonia (Stott, 1991; Couceiro et al., 2012) . The Cerrado, which is considered the most threatened tropical savanna in the world (Silva and Bates, 2002 ) and the only savanna biodiversity "hotspot" (Myers et al., 2000) , is another important ecosystem. Additionally, Brazilian Cerrado streams have distinct aquatic fauna with unique structuring patterns that are subject to different abiotic filters than evergreen formations (Wantzen, 2003; Bispo et al., 2006; Saito and Mazão, 2012) .
Thus, our goal was to compare the richness, abundance and taxonomic composition of Chironomidae in Cerrado streams in areas under different land uses as well as the dietary differences between them, and link these differences to the impacts caused by the sugar cane culture and pasture.
Material and Methods

Study area
We developed our work in the sedimentary basin of São Paulo State (Brazil) (Figure 1 ), an ecoregion dominated by Cerrado vegetation (Durigan et al., 2007) that is composed of trees and C4 grasses that grow in acid soils rich in aluminum (Durigan et al., 2007) . The climate is Köppen's Cwa, with dry winters and hot summers (>22°C). The main environmental impact in the region is urban growth as this is the most densely populated state in Brazil, with 166 inhabitants/km² (IBGE, 2011) . Additionally, the study region Cerrado has less than 6% of its original area protected by law (Silva and Bates, 2002) , and it is located on a plateau that favored the expansion of sugarcane monocultures and pastures.
We selected 21 streams of 1st and 2nd orders, seven in each land use (Cerrado vegetation, pasture and sugar cane culture). The preserved Cerrado streams, recognized here as reference condition, were placed in areas minimally disturbed anthropically
Introduction
The Chironomidae family is one of the most abundant and diverse group of the benthic fauna in freshwater aquatic ecosystems (Coffman, 1973; Rosenberg and Resh, 1993; Ferrington Junior, 2008 ) and yet many papers neglect their identification. This occurs for several reasons. First, the lack of taxonomic knowledge about the family in the tropical region led to difficulties in identification. In the State of São Paulo advances were made from the Biota-FAPESP program, training specialists and generating publications (Trivinho-Strixino, 2011) . Second, the lack of ecological knowledge led many authors to consider them as a homogeneous group in their environmental responses and food preferences (Cummins and Klug, 1979) . Third, permanent slides are required for the identification of genus, making the process slower and expensive.
Among the biological indicators there is a generalization of Chironomidae as tolerant to pollution (Barbour et al., 1996; Tetratech, 2000; see Bonada et al., 2006 for a biomonitoring review). Some genera are remarkably resistant to organic enrichment (e.g. Chironomus), but several studies have reported that environmental responses among species are varied, indicating the need for further studies to establish patterns (Lenat, 1983; Corbi, 2006; Corbi and Trivinho-Strixino, 2008; Sonoda et al., 2009) . Chironomidae taxonomists argue that the family has sensitive and tolerant genera, with characteristics that can reflect the panorama of aquatic systems and, therefore, more efforts should be made to study the differences in the faunal compositions of reference and impacted areas (Rosenberg, 1992; Rabeni and Wang, 2001; Corbi and Trivinho-Strixino, 2006; TrivinhoStrixino, 2011) .
Due to their abundance in benthic communities, the family becomes important in ecosystem processes (Cummins et al., 2005; Ferrington Junior, 2008) , especially in processing and transfer of energy in the food web. A functional measure is to analyze the feeding habits of the organisms, noting which items are more abundant (Cummins and Klug, 1979; Poff et al., 2006; Tomanova et al., 2006) . In tropical environments, a general pattern is that these organisms are primarily detritivorous because the decomposition of allochthonous material is performed mainly by the microfauna (Irons et al., 1994; Dudgeon and Wu, 1999 ; see a review at Boyero et al., 2009 
Sampling and identification of Chironomidae larvae
Chironomids were sampled in the dry season (May to August) of 2011. Following the protocol established by Suriano et al. (2010) , we selected 100 meter-long stretches of stream and took six samples using a Surber sampler with an area of 30 × 30 centimeters (total of 54 m² per stream) and a mesh opening of 250 µm. Additionally, for 30 seconds we scanned with a D net to sample microhabitats where a Surber sampler is hard to use. All of the collected material was transported in vivo for laboratory processing. The material of each stream was processed in a maximum of two days after sampling. Strixino (2008), Sanseverino and Nessimian (2001) , Sonoda et al. (2009 ), Galizzi et al. (2012 .
2.3.4.Characterization of food usage per stream
To characterize the importance of each food in each land use we multiplied the number of individuals of each genus by their Gfh and summed then for all genera of a stream.
With these values we tested the statistical difference of each item in different land uses. For this comparison we used a Kruskal-Wallis test.
Results
We collected and identified 807 larvae in reference streams, 1,119 in streams with sugar cane culture and 1,936 in pasture streams. The KruskalWallis test indicated no difference in abundance between the three groups of streams ( Figure 2) .
A total of 36 genera were identified, of which 27 in reference streams, 30 in the sugar cane culture and 33 in pastures. In pasture streams we observed the average richness of 19 genera, while in reference and sugar cane streams a richness of 13 taxa were found. The Kruskal-Wallis test indicated no difference between these groups for richness while the average was higher in pasture streams ( Figure 2) .
The genera Brundiniella, Constempellina, Fissimentum, Oukuriella and Phaenopsectra were exclusive of reference sites, while Tanypus, Rheocricotopus, Paracladius, Coelotanypus, Goeldichironomus and Harnischia were exclusive of pasture and Zavreliella and Stempellina of sugar cane culture.
The PERMANOVA indicated different taxonomic compositions between reference streams and impacted by sugar cane culture (p = 0.034), as by pasture (p = 0.015). This difference in composition can be visualized in the MDS analysis (Figure 3) , but between the two groups of impacted streams we found no statistical difference (p = 0.34).
SIMPER analysis (Table 2) showed the relative importance of each genus for the composition difference found in PERMANOVA. Among the Cerrado and sugar cane culture the high abundance of Paramectriocnemus, Ablabesmyia, Tanytarsus and Chironomus in sugar cane, contributed with 43.34% of the dissimilarity between the two environments. Among the Cerrado and pasture the genera that contributed were Tanytarsus, Polypedilum, Chironomus and Pentaneura, with 47.48% of the dissimilarity. The SIMPER analysis also indicated the relative importance of each genus in the faunal characterization of these streams (Figure 4) . We Chironomidae larvae were sorted live on transiluminated trays and fixed in etanol 70%. The organisms were mounted on slides and identified to genus level with the aid of a taxonomic key (Trivinho-Strixino, 2011).
Data analysis
2.3.1.Richness and abundance Box-and-whiskers plots and Kruskal-Wallis tests were used to verify if groups differed in total richness and abundance.
2.3.2.Faunal composition
A PERMANOVA was used to identify differences in faunal composition among reference sites, sites impacted by sugar cane, and sites impacted by pasture in the Cerrado. In this analysis permutations of the observations are made and result in a distribution of the F statistic (Anderson, 2001) . The F value computed is then compared with the distribution and tested for its significance. We used 1,000 permutations, significance level of 0.05 and the Bray-Curtis dissimilarity index.
To graphically visualize the dissimilarity between groups of streams a multidimensional scaling (MDS) was used using the Bray-Curtis index. A SIMPER analysis was used to identify the genera that contribute the most to the dissimilarity between land uses and also observe the relative abundance of genera.
2.3.3.Characterization of genera feeding habits (Gfh)
We analyzed the gut content of each genus to characterize the feeding habits and separate food into five categories: detritus, microalgae, macroalgae, animal and plant tissues. The foreguts of 10 individuals per taxa were removed by dissection, mounted in slides with alcohol and examined at 400x magnifications. The percentage of each food item was obtained by a volumetric method, where the guts of chironomids were approximated to cylinders. The food contained in the guts was assumed as the 100% and the proportions of the different types of food were visualy estimated (Cheshire et al. 2005) . To characterize the dietary habit of each genus (Gfh) we use the average values of the 10 analyzed individuals, following TrivinhoStrixino and Strixino (1993 ), Berg (1995 , Schmid-Araya and Schmid (1995), , Correia and Trivinho-Strixino (1998) 
Discussion
Several studies report that streams located in watersheds under pasture land use have a high amount of dissolved organic matter from animal grazing (Buck et al., 2004; Allan, 2004; Matthaei et al., 2006) . In our study, KruskalWallis test indicated no statistical differences, but the Box-and-Whiskers plots pointed out the high abundance of chironomids compared to reference and sugar cane streams. Other studies that found similar results (Buss et al., 2002; Niyogi et al., 2007; Sonoda et al., 2009 ) indicated that it was related to the increasing in the amount of detritus, main food item to most species .
The average taxonomic richness of pasture streams was higher than reference and sugar cane culture streams. Similar studies showed greater richness in forested streams, followed by sugar cane and pasture (Corbi and Trivinho-Strixino, 2008) , while others found no statistical difference (Niyogi et al., 2007; Sonoda et al., 2009 ). Similar to ours results were reported by Lenat (1983) , which indicated that moderately impacted sites with high organic matter content favor tolerant Chironomidae because possible competitors such as Ephemeroptera and Trichoptera have difficulties in colonizing such sites.
Another explanation is based on the fact that competition is weak in macroinvertebrates communities (Tokeshi, 1986 ; Tavares-Cromar and Williams, 1997; Heino et al., 2003; Saito and Mazão, 2012) . In this case we consider that, in highlight the abundance of Stenochironomus in reference streams. The relative importance of each food item per stream pointed out that the main item used in all streams are detritus, followed by microalgae, invertebrates, macroalgae and at last plant tissues. All genera presented more than one item in the diet ( Figure 5) .
The Kruskal-Wallis tests showed differences in food usage between reference Cerrado streams and sugar cane culture for plant tissues ( Figure 6 ) and among streams of Cerrado and pasture for microalgae. of the explanation, we reinforce Lenat (1983) suggestion that the use of Chironomidae richness as an environmental indicator is not indicated, because depending on the environmental changes, this can increase richness, declining only at very high levels of organic pollution (e.g. polluted urban streams). Analyses of differences in taxonomic composition indicated that the conversion of native vegetation in anthropogenic land uses is a strong structurer in Chironomidae communities. In reference Cerrado streams some genera that were exclusive can be related to specific characteristics of these streams. Brundiniella has been associated with plant debris in forested streams (Trivinho-Strixino, 2011) and also observed large grains of sand in the digestive tract (Hudson et al., 1990 ), most common substrate in systems with several species of high food affinity (niche overlap), the inter-specific competition needs to be weak; otherwise the competition would lead to competitive exclusions, decreasing the local richness (Tokeshi, 1986; Pinder, 1986; TavaresCromar and Williams, 1997; Tomanova et al., 2006) . While the explanation of Lenat (1983) considers that competition decreases the richness of Chironomidae in reference streams, the other line of thinking consider that autoecological characteristics and environmental filters (e.g. muddy substrate preference rather than sandy) do not favor a rich community in reference streams. As our study did not aimed to find out which process increases or decreases richness we can not point out the role of competition in the studied streams. Regardless and Polypedilum and Chironomus are remarkably tolerant to eutrophication and abundant in enriched areas. These two genera can produce large amounts of hemoglobin to store oxygen (Trivinho-Strixino, 2011) and booms are reported since 1913 (Johnson and Munger, 1930) . Trivinho-Strixino (2011) argues that along the production of hemoglobin, the presence of abdominal tubules beyond the annals in Chironomus facilitates their survival in low oxygen environments because these extensions increase the surface of contact with water, facilitating gaseous exchange.
The detritus was the most important diet item for chironomid larvae, showing that Cerrado streams are rich in this type of food. Other authors have cited that most genera consume detritus as part of the diet and that this food item is critical in most food webs of tropical lotic systems (Pinder, 1986; Palmer et al., 1993; Woodward and Hildrew, 2002; Tomanova et al., 2006; Boyero et al., 2009) .
The feeding habits of Chironomidae showed that all genera can feed of more than one item. Tomanova et al. (2006) analyzing the gut content of macroinvertebrates (except Chironomidae) from tropical streams also obtained the same pattern. According to Woodward and Hildrew (2002) feeding flexibility is an important adaptation because it reduces the overlap of niches and thus interspecific and intraspecific competition. This Cerrado streams (Wantzen, 2003) . Constempellina is dependent of sand because it builds tubes with sand grains (Hudson et al., 1990; Trivinho-Strixino, 2011) . The genus Stenochironomus had the highest relative abundance and is directly related to the conservation of riparian vegetation. This miner genus have a mentum and body shape changed to feed of plant tissues, including stems, material dependent on riparian vegetation for deposition in stream (Trivinho-Strixino, 2011) .
In streams of sugar cane culture the removal of riparian vegetation allows the growth of grasses and the invasion of sugar cane. These changes expand the channel and increase siltation, decreasing its physical complexity. In these sites the most abundant genera were Parametriocnemus, Ablabesmyia, Tanytarsus and Chironomus, genera considered common, tolerant and independent of specific substrates (Hudson et al., 1990; Trivinho-Strixino, 2011) .
The conversion of natural areas into pasture directly impacts the water quality of streams, as the cattle increases the amount of organic matter in the catchment area and the lack of riparian vegetation causes the direct input in the streams. Furthermore, cattle physically degrade the streams, making them unstable in addition to polluted. In these streams the most representative genera were Tanytarsus, Polypedilum, Chironomus and Pentaneura. These genera are considered common flexibility may have been critical to the survival and colonization of aquatic macroinvertebrates across the world (Tomanova et al., 2006) . Hieber and Gessner (2002) indicated that the leaf decomposition in the tropics is made primarily by microorganisms and not by invertebrates which supports our results, since even in streams with riparian forest the plant tissue was the least important food item. Nevertheless, the difference in the use of plant tissue between reference and impacted streams became clear, showing that the genus Stenochironomus is a component that can not be ignored in the decomposition process. The fact that we have only one abundant shredder genus corroborates the pattern found by Boyero et al. (2012) , who found lower α-diversity of shredders in tropical regions, indicating that in these regions the risk of losing key species of shredders is greater. The importance of detritus in the nutrition and the high abundance of Chironomidae in streams reinforce the importance of the family in ecosystem processes, transforming dead organic matter with low nutritional value in animal matter that can be used by other trophic levels (Cummins and Klug, 1979; Trivinho-Strixino, 2011) .
We conclude that the conversion of reference areas in monocultures and pastures directly impact streams biodiversity by modifying the taxonomic structure of Chironomidae. For feeding patterns we found a mostly detritivorous diet, reinforcing the importance of this item in the diet of macroinvertebrates of tropical streams. The abundance of Stenochironomus indicates that this shredder genus has an important role in the processing of allochthonous material in forested streams.
